IMPORTANCE A volume-outcome association exists for larynx cancer surgery, but to date it has not been investigated for specific surgical procedures.
A favorable association exists between hospital volume and patient outcomes for complex surgical procedures. Hospitals performing high volumes of bariatric surgery, cardiovascular surgery, lung cancer surgery, and gastrointestinal cancer surgery have been shown to have better survival outcomes with fewer surgical complications, with similar observations made for high-volume surgeon care. [1] [2] [3] [4] [5] [6] [7] Building on this research around the volume-outcome association, the Leapfrog Group, 8 a coalition of large Fortune 500 employers and other health care purchasers, adopted a minimum surgical volume standard for selected high-risk surgical procedures. In 2015, in response to a US News & World Report article highlighting the volume-outcome association for surgery, 9 leaders at the Johns Hopkins Hospital and Health System, Dartmouth-Hitchcock Medical Center, and the University of Michigan Health System publicly pledged to limit certain complex elective procedures to surgeons and hospitals meeting volume criteria. 10 The "volume pledge" requires surgeons and hospitals to meet modest minimum volume standards for 10 procedures that have the strongest link between hospital volume and patient mortality. 11 This approach will effectively result in regionalization of high-risk surgical care to high-volume centers within a health care system, and the Johns Hopkins Health System makes these data publicly available.
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A volume-outcome association has been demonstrated for head and neck cancer surgical care, with improved outcomes reported for high-volume hospitals. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] These reports often include a variety of head and neck primary sites and are limited by low perioperative mortality rates and the inclusion of a range of both low-risk and high-risk surgical procedures, and minimum volume standards for specific head and neck cancer procedures have not been established to date. Procedures that are most sensitive to a volume-outcome association are high-risk, low-volume procedures with outcomes that show wide variation across hospitals and for which hospital volume can serve as a proxy measure for outcomes. 28 This association may be most pronounced for laryngectomy surgery, which has decreased in recent years primarily because of a decreased incidence of larynx cancer concomitant with an increased use of primary nonoperative treatment, with a growing proportion of laryngectomy procedures performed after prior radiotherapy associated with an increase in postoperative complications. 22, [29] [30] [31] [32] [33] [34] Flap reconstruction is increasingly used in this setting to improve postoperative outcomes, which further increases the complexity of surgery. Because of this trend, centralization of laryngectomy procedures appears to be occurring at high-volume and academic centers, 22, 29 ,31 yet laryngectomy was removed as a key indicator procedure representative of resident training by the American Board of Otolaryngology-Head and Neck Surgery in 2011 because of decreasing numbers even at such institutions. 35 We hypothesized that laryngectomy-as a high-risk, increasingly low-volume surgery-would have a strong link between hospital volume and patient morbidity and mortality. We sought to characterize the volume-outcome association for laryngectomy surgery by examining associations between volume and in-hospital mortality, complications, length of hospitalization, and costs and aimed to identify a possible minimum hospital volume threshold for high-volume care.
Methods
A cross-sectional study of patients with a diagnosis of larynx cancer was performed using discharge data from the Nationwide Inpatient Sample (NIS), 36 the largest all-payer inpatient care database in the United States, containing data from approximately 8 million hospital stays each year from a stratified sample of 20% of nonfederal US hospitals from participating states. The NIS database provides information regarding the index hospital admission and includes patient demographic data, primary and secondary diagnoses, primary and secondary procedures, hospital characteristics, and inpatient and discharge mortality rates. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes were used to identify adult patients (≥18 years) who specifically underwent laryngectomy for a malignant laryngeal or hypopharyngeal neoplasm between January 2001 and December 2011 (eTable 1 in the Supplement). The analysis was performed in 2018. Additional procedures, such as neck dissection or pedicled or free flap reconstruction, were recorded. Prior radiotherapy was derived from codes for previous exposure to therapeutic or other ionizing radiation (ICD-9-CM code V15.3). This protocol was reviewed and approved by the Johns Hopkins Medical Institutions Institutional Review Board. Informed consent was inapplicable because the data are from a national deidentified database. The primary clinical end points (dependent variables) were in-hospital mortality, complications, length of hospitalization, and costs. Codes for specific comorbid illnesses were used to create categories for surgical and acute medical complications. Acute medical complications were derived from codes for acute cardiac events, acute pulmonary edema or failure, acute renal failure, acute hepatic failure, acute cerebrovascular events, sepsis, pneumonia, gastrointestinal bleeding, deep vein thrombosis/pulmonary embolism, and urinary tract infection assigned at the time of hospital discharge (eTable 2 in the Supplement). Surgical complications were derived from
Key Points
Question What is the association between hospital volume and outcomes for laryngectomy surgery?
Findings Among 45 156 patients at 5516 hospitals in this cross-sectional study, a minimum hospital volume threshold of more than 6 cases per year was associated with reduced odds of postoperative complications, with a greater reduction in the odds of complications with increasing volume. High-volume hospital care (>28 cases per year) was also associated with lower odds of in-hospital mortality, the mean incremental length of hospitalization, and costs.
Meaning Laryngectomy outcomes appear to be associated with hospital volume, with reduced morbidity associated with a minimum hospital volume threshold and with reduced mortality, morbidity, length of hospitalization, and costs associated with higher hospital volume.
codes for complications directly resulting from surgical procedures assigned at the time of hospital discharge. Hospitalrelated charges for each index admission were converted to the organizational cost of providing care using cost-to-charge ratios for individual hospitals. Cost-to-charge ratios were calculated using information from the detailed reports by hospitals to the Centers for Medicare & Medicaid Services, providing an estimate of the all-payer inpatient cost-to-charge ratio by hospital, and were multiplied by each patient's charge to obtain the cost per admission. 37 All costs were adjusted for inflation based on US Bureau of Labor Statistics indexes, 38 with the results converted to 2018 US dollars. To obtain national cost estimates, all discharges were reweighted to account for cases in which cost estimates were missing. Hospital volume was examined as an independent variable. The average annual number of laryngectomy cases performed per year of surgical activity was obtained by calculating the mean of the number of cases performed each year for each individual hospital for the years in which that hospital performed at least 1 laryngectomy. Hospital laryngectomy volume was modeled as a categorical variable. Annual volumes were divided into quintiles, with high volume defined as hospitals above the 80th percentile. Based on the quintile distribution of the annual number of cases per hospital, hospitals were categorized as very low volume (≤3 cases per year), low volume (4-6 cases per year), medium volume (7-15 cases per year), high volume (16-28 cases per year), or very high volume (>28 cases per year). Secondary independent variables included were the following: age, race/ethnicity, sex, nature of admission (elective or urgent/emergent), comorbidity, payer (commercial, private/health maintenance organization, Medicare, Medicaid, self-pay, or other), hospital teaching status, hospital ownership/control (not-for-profit or other), hospital location (rural or urban), geographic region, hospital bed size, prior radiotherapy, and procedure. The American Joint Commission on Cancer tumor stage, tumor grade, histological subtype, and outcome after discharge were not available from the NIS database. Comorbidity was graded using the Romano adaptation of the Charlson Comorbidity Index, excluding ICD-9-CM codes for the index cancer diagnosis from the solid tumor category, as previously described. 22 Because cancer staging information is not available in the NIS, ICD-9-CM codes for metastases were excluded because these are not a reliable surrogate for disease stage. Data were analyzed using statistical software (Stata, version 12; StataCorp LP). Associations between variables were analyzed using cross-tabulations, multivariate logistic regression analysis, and generalized linear regression modeling. Data were weighted, and modified hospital and discharge weights to correct for changes in sampling over time were applied. Variance estimation was performed using procedures for survey data analysis with replacement. Strata with 1 sampling unit were centered at the population mean. Variables with missing data for more than 10% of the population were coded with a dummy variable to represent the missing data in regression analysis. The primary clinical end points were evaluated using multiple logistic regression analysis. Generalized linear regression modeling with a log link was used to analyze length of hospitalization and hospital-related costs because these variables were not normally distributed.
Results
There were 45 156 laryngectomy cases between 2001 and 2011 performed at 5516 hospitals ( Table 1 ). The mean patient age was 62.6 years (age range, 20-96 years). The majority of patients were of white race/ethnicity and male, were admitted electively, had no associated comorbidity, and received care at teaching hospitals located in urban locations. A history of prior radiotherapy was documented in 7.6% of cases. Flap reconstruction was performed in 10.1% of patients, and concurrent neck dissection was performed in 15.1% of patients. Medical complications occurred in 23.6% of patients, and surgical complications occurred in 32.2% of patients. In-hospital mortality occurred in 1.0% of patients.
The distribution of the number of hospitals by hospital volume quintile is shown in Figure 1 . Very high-volume hospitals comprised 1.7% of all hospitals and performed a mean of 42 cases per year, while very low-volume hospitals comprised 68.2% of all hospitals and performed a mean of 2 cases per year ( Figure 1 ). Higher-volume hospitals were more likely to be not-for-profit teaching hospitals in urban locations; were more likely to treat patients who had hypopharyngeal cancer, were of white race/ ethnicity, were admitted electively, had no comorbidity, and had private insurance; and were more likely to perform flap reconstruction or concurrent neck dissection. Rates of mortality and postoperative complications were lowest for hospitals in the very high-volume quintile ( Figure 2) .
Multiple logistic regression analysis of variables associated with in-hospital mortality, postoperative surgical complications, and acute medical complications, after controlling for all other variables, demonstrated that, compared with hospitals in the bottom quintile, hospitals in the top quintile (>28 cases per year) were associated with lower odds of inhospital mortality (OR, 0.45; 95% CI, 0.23-0.88) and the lowest odds of postoperative surgical complications (OR, 0.63; 95% CI, 0.50-0.79) and acute medical complications (OR, 0.63; 95% CI, 0.48-0.81) ( Table 2) . Hospitals treating more than 6 cases per year (medium-volume and high-volume hospitals) also had lower odds of postoperative surgical and acute medical complications but were not associated with differences in inhospital mortality.
Multivariate generalized linear regression analyses of independent variables associated with length of hospitalization and hospital-related costs are summarized in Table 3 . After controlling for all other variables, a clinically meaningful negative association was observed between surgery at highervolume hospitals (>15 cases per year) and length of hospitalization, with a decrease in the mean incremental length of hospitalization at hospitals in the top-volume quintile (−3.7 days; 95% CI, −4.9 to −2.4 days) that exceeded the increase in the mean incremental length of hospitalization associated with patient variables. Surgery at hospitals in the top-volume quintile only was associated with lower mean incremental hospitalrelated costs (−$4777; 95% CI, −$9463 to −$900). 
Discussion
These data demonstrate that there is a significant volumeoutcome association for laryngectomy, with improved outcomes seen with increasing hospital volume. A threshold of greater than 6 cases per year was associated with a clinically meaningful lower odds of postoperative surgical complications, acute medical complications, and reduced length of hospitalization, with hospitals in the top-volume quintile that performed more than 28 cases per year also associated with decreased odds of in-hospital mortality and lower costs. These findings are important in an era of health care reform, when increasing attention is focused on health care value, defined as outcomes relative to costs. Because laryngectomy is increasingly becoming a low-volume procedure that is performed more often for salvage and with an increased risk of complications, the use of a minimum hospital volume threshold for laryngectomy may be an appropriate approach to improve value in head and neck cancer care. To our knowledge, this is the first analysis of minimum hospital volume thresholds for a specific surgical procedure of interest in head and neck cancer. An association between hospital volume and patient outcomes for head and neck cancer surgery has been previously established but is not procedure specific. and neck cancer surgical care in Ontario was associated with hospital volume, but adherence rates were only moderate for highvolume hospitals, which suggests that other factors may underlie the observed favorable volume-outcome association they observed in their population. 18 Our core group has previously reported a significant association between hospital volume and adherence to evidence-based guidelines for larynx cancer treatment in Surveillance, Epidemiology, and End Results Medicare data, which was associated with improved survival; however, after controlling for quality of care, a survival advantage remained for high-volume larynx cancer surgical care. 25 The findings of these studies suggest that, for larynx cancer surgery, hospital volume may have a greater influence on patient outcomes than evidencebased guideline process measures, which may reflect unmeasured perioperative processes that favorably alter outcomes. Given the significant association between hospital volume and outcomes, a key policy issue for clinicians and policymakers to explore is regionalization of care in this era of health care reform. Regionalization may reduce operative risks, assure access for all patients with complex conditions to the highestquality care, and provide an optimal educational environment for surgical trainees. These benefits have to be balanced against the desire of many patients to receive care in their home communities, as well as the cost and logistical challenges of having patients travel to regional centers for complex procedures, which is a particular challenge for patients in rural environments and for those with limited financial means. Federal and local leaders need to develop solutions that balance these different goals and meet the needs of their community. Given patient preferences for receiving care locally, when possible, and the strong economic and reputational incentives associated with the performance of surgery, we recognize that regionalizing care will not be easy and will require committed leadership. One possible starting point for regionalization of care might occur in metropolitan areas, where low-volume hospitals could seek to move their volume to geographically proximate medium-and high-volume hospitals, which may reduce preventable deaths and adverse outcomes while still maintaining patient access and satisfaction. This approach will require a cultural shift that may be most implementable within a health care organization in the current climate of increasing hospital consolidation.
Limitations
There are several limitations to the use of hospital discharge data that may have influenced our findings. The NIS database provides no follow-up data beyond the index admission, is limited to a 30-day postoperative window, and contains no information on stage of disease, grade, subtype, or survival, precluding analysis of longterm outcomes. The NIS database does not contain information regarding readmission, previous surgical procedures, or prior chemotherapy, which could potentially have influenced the results with regard to the extent of surgery and outcomes. The ability to adequately control for case mix is limited if discharge diagnoses from administrative databases are used, which has been done in almost all studies investigating volume and outcome associations to date, and the process measures associated with preoperative care and surgical decision making, as well as long-term outcomes, cannot be assessed. Prior radiotherapy, which is known to influence outcomes, may have been undercoded. Postoperative complications may not have been apparent at the time of discharge; as a result, the incidence of complications may have been underreported. Cost analysis was based on hospital-related charges, adjusted for institutional expense-to-revenue ratios, and did not include physician-related costs because these data are not contained in the NIS database. However, the NIS is the largest database of inpatient surgical procedures that includes hospital-level and cost data and, unlike registry data, represents the spectrum of community, small, and large hospitals, providing a more accurate picture of hospital care across the United States. 
Conclusions
Our findings demonstrate that there is a meaningful association between hospital volume and laryngectomy surgery outcomes, and we describe minimum hospital volume thresholds that are associated with in-hospital mortality, surgical and medical complications, length of hospitalization, and costs of care. Institutional leaders and policymakers may want to consider opportunities to shift laryngectomy procedures from lower-volume hospitals to higher-volume hospitals to improve outcomes and reduce costs. First, higher volumes provide repetition, which leads to improvement in processes and teams; that is, "practice makes perfect." The second theory is the converse of the first: referrals of average-risk patients are preferentially made to hospitals that achieve better outcomes. Third, better outcomes in a hospital naturally lead to widening of the indications for that procedure and thus a higher volume. The conclusion drawn by the authors was that policymakers should consider "regionalizing" complex operations so that they are performed only in hospitals meeting a minimum annual threshold. In this issue of JAMA Otolaryngology-Head and Neck Surgery, Gourin et al 3 report a detailed study of the volumeoutcome interaction for laryngectomy. Using the Nationwide Inpatient Sample, the authors found an association between the number of laryngectomies performed in each hospital and lower rates of mortality, morbidity, length of hospital stay, and cost. Based on their analysis, they call for regionalization of laryngectomy procedures at centers meeting minimum volume thresholds to optimize outcomes and reduce costs.
The most obvious consideration is the ability of the hospitals that performed more than 6 laryngectomies per year in their study to increase their surgical load by 60%, while keeping their outcomes steady. This is not simply a matter of purchasing instruments, building inpatient units, or hiring surgeons. Such growth, especially if other similarly complex head and neck oncologic operations are included in a regionalization initiative, would take substantial time and effort without a clear road map for how to maintain quality.
The other drawbacks of a regionalization policy are not obvious. Gourin et al 3 found a greater proportion of urgent or emergency admissions among the laryngectomies performed at low-volume hospitals. It seems impossible to eliminate such possibilities in the future, but regionalization would take the focus away from quality improvement in smaller hospitals. Furthermore, the reduction in surgical volumes that might accompany a wide regionalization policy would have an adverse influence on the financial health of smaller and rural hospitals, with consequences for their communities. 4 The direct financial cost of regionalization of complex surgery on patients would also be substantial, beginning with the costs of travel but extending to the financial and social costs of absence from home for the patient and caretakers. Who are the individuals who have surgery in low-volume hospitals? Patients in California who had complex surgery at a hospital where that operation was rarely performed were more likely to be of black, Latino, or Asian race/ethnicity and to have Medicaid or uninsured status, even when controlling for the distance traveled from home to hospital. 5 A study 6 of patients in the National Cancer Data Base identified rural residence as a determinant of having complex surgery in a lowvolume hospital. These findings imply that the volumeoutcome association may not be as simple as "practice makes perfect": demographics, socioeconomic status, and surgical indications may have important roles. 
